I. Complementary XRD simulations:
Simulations of the X-ray diffraction pattern, based on the Debye equation, show how the typical saw-tooth profile is only recovered when the number of unit cells in the crystalline domain is reduced along one axis: the a axis in the case of the 1T' phase and the c axis in the case of the 2H phase.
Therefore, in order to damp the first (highest) peak and broaden the other ones, so as to match the experimental profile, simulations with no more than 2 unit cells along the a axis (in the case of the 1T' phase) or the c axis (in the case of the 2H phase) are considered in the following. Once suppressed the first peak, the next representative range to be considered is between 30° and 60° (2). It is then readily recognized, based on simulations comparing the 1T' and 2H phases in Fig. S2 , that the peaks around 42.5° and 47.5° (2) are characteristic of the 1T' phase, whose presence is therefore established. Moreover, such peaks are quite weak and broad, resulting from the convolution of several reflections, while another characteristic peak of the 1T' phase at 54.6° is even missing; so that an even smaller domain in the (b,c) plane can be expected. 
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On the other hand, a close inspection (Fig. S3 ) of the regions around the two main peaks at 32° and 57°(2), reveals a much better match between calculation and experiment for the 2H phase (Fig. S3c,d ). Moreover, in the zoomed regions around the two peaks, it is clearly seen that a number of 1T' unit cells larger than 10 along the b and c axes would lead to a splitting of the first peak (Fig. S3a) ; whereas a number of 2H unit cells larger than 20 along the b and c axes would lead to much sharper and intense peaks (Fig. S3c,d ). 
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As a natural consequence, the experimental X-ray scattering profile can be expected to result from a superposition of the profiles relevant to 1T' and 2H two-dimensional nanocrystals with suitable weights and crystalline domain size (Fig. S4) . However, no combinations of two solutions (for any size and weight fraction of the two phases) are sufficient to reproduce the experimental profile, meaning that polydispersion has to be taken into account, with smaller domains mainly contributing to the diffuse scattering in the range 32°-40°, and larger domains leading to a sharpening of the two main peaks (Fig S4) . Combinations of three or more profiles are then considered; the results for the best overall agreement (Fig. S5) suggest that the main scattering contributions come from 1T' NCs with 1x10x10 unit cells and 2H NCs with 40x40x1 unit cells, being the weight of any additional 1T' contribution required to be negligible. 
Figure S5
Simulated XRD profiles resulting from the combination of 1T' and 2H two dimensional nanocrystals, leading to the best agreement with experiment. The relative abundance of each nanocrystal considered in the population is reported in the legend as a multiplication factor for each term contributing to the calculated scattering profile.
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II. Complementary X-Ray spectra:
To support the structural evolution described by the wide angle XRD patterns reported in Fig angle around 50° and 33° respectively, considering the interlayer distance and carbon chain length (1, 2) which compose the hybrid organic/inorganic lamellar phase. Upon injection of CS 2 precursor and heating at 130 °C, with the simultaneous formation of oleyl-thiourea and the in situ releasing of H 2 S, a characteristic interlayer distance d of 3.4 nm is detected for both systems, which can be approximately estimated as the sum of the 0.7 nm thick newly formed WS 2 nanoclusters, the two extra C-N (0.133 nm) (3) and N-S (0.171 nm) (3) bonds per OlAm molecule introduced in the structure as consequence of thiourea formation, and a double layer of OlAm constituent of formed thiourea ( 2 nm ) (4) with a tilt angle of 30°. The same periodicity of 3.4 nm has been found in the final products, where larger particles (in the stacking direction) can be expected, based on the sharpening of corresponding peaks in the wide angle range. The recovered periodicity of 3.4 nm is ascribable to a super-structure of surface capped planar nanocrystals arranged in turbostratic organization (Fig. S6c,d , top spectra). 
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IV. Complementary NMR spectra:
In order to prove that the chemical path reported in scheme 1 can be extended also for nanocrystal synthetized in OlAm/OctAm, we have reported here the reaction products involved with an experimental reference model formulated by using two equivalents of OctAm or one equivalent of OctAm and one of OlAm with one equivalent of CS 2 . No significant differences were detected in the positions and shape of the signals of α-CH 2 N protons of OctAm or OlAm/OctAm derivatives, which is concentration-affected as dictated by slight shifts in peak position (Fig. S8) . 
S10
V. Complementary FTIR spectra:
The FTIR characterization confirms that when the reaction is performed in sole OlAm, the broad but intense peak at 660-602 cm -1 ascribable to symmetric stretching of C=S for "free ligand" and interaction vibrations between -C=S and C-N-stretchings respectively, disappears at temperature higher than 215 °C (Fig. 3m -Fig. 3n ). Contrarily, in OlAm/OctAm mixture, they are absent already at 215 °C (Fig. 3l -Fig. 3m ),
indicating that in this latter case, the thermo-chemical decomposition of precursors is anticipated.
When anhydrous OlAm and WCl 6 were heated together (130 °C, 1h; together with the C-C vibrations at 722 cm -1 , can be recognized for the whole FTIR evolution.
The developing or thermodynamic stabilization of the thiolic tautomer concomitant with the developing of the nanocrystalline surfaces suggests the formation of S  W NCs bond which increases the contribution of the double bond character for the nitrogen-to-carbon bond and a greater carbon-to-sulfur single bond character ( Fig. S12q) (6) . 
